The sodium reordering in Na x CoO 2 in the vicinity of room temperature is rationalized at high x in terms of phase transitions between square and striped phases. A striking hexagon-of-hexagons diffraction pattern observed for x=0.78 can be reproduced using coexisting square and striped phases that are related by simple shear deformations. All compositions exhibit a partial melting transition to a disordered stripe phase just below room temperature, which alters the topology of the electrical conduction pathways.
Nanopatterning of sodium vacancy clusters in sodium cobaltate, Na x CoO 2 , templates the Coulomb landscape on the Co layers and, therefore, controls the electronic and magnetic properties 1 . The concentration of sodium, x, can be altered electrochemically, directly changing the number of electrons in the triangular Co layers 2, 3 . Furthermore, for a fixed composition the physical properties depend sensitively on thermal history, since quenching and slow cool from high temperature lead to radically different heat capacity and susceptibility signals 4 . These different approaches offer attractive possibilities to control the physical properties in real time.
The structure of this system creates two different environments for the sodium: Na1 which lies between adjacent cobalt ions, and Na2 which sits on a lower energy site at the center of a cobalt trigonal prism. The delicate balance between these interpenetrating hexagonal lattices causes the vacancies on the sodium layer to become attractive at short distances 1 .
Long range Coulomb interactions then allow these vacancy clusters to order over long range leading to observable superstructure peaks. This Na + ordering buckles the CoO 2 layer away from the occupied nearest-neighbour sodium sites (Na1) allowing cages to form within which the sodium ions are able to rattle. Meanwhile the Coulomb landscape on the cobalt layer is modified allowing narrow conduction pathways, and leading to strong correlation of the electrons. Both of these properties mean this is a phonon-glass-electron-crystal in agreement with studies of Na at different concentrations, and of the relevant transitions, will lead to greater insight into the overall control exerted on the system by the ionic ordering.
Whereas Ref. 1 was mainly focused on low temperature ordering, in the range 0.75 < x < 0.92, we concentrate here on the evolution of the sodium order as the temperature is increased. Unexpectedly we do not observe, in the same composition range, a simple disappearance of long-range order at some critical temperature but a rearrangement of the sodiums from "square" long range order to striped order at T=285K (as reported in 1 , the low temperature cell is a slightly deformed square with internal angles close to but not equal to 90
• that we denote by "square cell" for simplicity). Striped order continues to exist, well above room temperature, at least up to T=350K. The reordering of the sodiums is accompanied by a change of the potential exerted by the sodium superstructure on the cobalt sites. This has a radical influence on the topology of the conducting paths -which have now a unidimensional profile -for the mobile carriers in the Co planes.
Single crystals of sodium cobaltate were grown using the floating zone technique 10 and then cleaved to produce high quality samples. Neutron diffraction measurements were carried out on the SXD diffractometer at ISIS and also on the flat-cone diffractometer E2 at HZB. Complementary hard X-ray diffraction on MAGS at HZB was carried out with Xray energy of 12.398keV giving penetration of the sample allowing the bulk ordering to be probed. SXD uses the neutron time-of-flight Laue method along with 2π steradians coverage of solid angle by position sensitive detectors to sample large volumes of reciprocal space 11 .
This provides an overview of the superstructure peaks across many Brillouin zones which were then resolved at higher Q-resolution using E2. Sample conditions on SXD were controlled using a closed-cycle He refrigerator and by a variable temperature cryostat on E2. The superstructure peaks in Fig. 1 using simulated annealing in the Canonical Ensemble. The (fictitious) energy E(X) is defined in terms of the mean-square deviations of the experimental intensities from the calculated structure factors for a given 3D configuration X of all particles in the unit cell.
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The Metropolis algorithm is used with hopping of a sodium ion from an occupied to a vacant site with small displacements of surrounding ions. The temperature is slowly decreased, and the configuration at T=0 corresponds to the least-square fit of the integrated peaks.
A fraction of the peaks can be identified as coming from the square lattice described in Ref. 1 and shown in Fig. 2(a) , and these were excluded from the RMC calculations.
A very robust result from RMC simulations is that the absence of significant intensity for most superlattice reflections away from the hexagonal reciprocal lattice points, leads naturally to multi-vacancy cluster patterns. For x=0.78 at T=150K we obtain stripes of trivacancies condensing into long-range order with cell vectors a = 5b − a and b = 5b − 4a, as shown in X-ray data shows a pronounced hysteresis of over 10K between heating and cooling runs (Fig. 4) . Here Q=(0, 1.33, 0) is from the square phase in Fig. 2(a) , whereas the peak at Q=(0.8, 0, 0) is where the scattering is expected for either of the striped phases in Figs. 2(c) and (d). There is a highly unusual peak in the cooling run for Q=(0.8, 0, 0).
The trivacancy clusters can sit on three possible sites within the stripes in Fig. 2(c) .
Consider a model where the ordering of stripes is long range, but the ordering of trivacancy clusters within the stripes is not coherent from one stripe to the next. The translation vectors for this phase are a = 5b + (η − 1)a and b = 5b + (η − 4)a where η = 0, ±1 at random.
A section of this partially disordered structure is shown in Fig. 2 We note that a different model with quadrivacancy clusters was previously proposed for the high-temperature phase 1 . However, the model proposed here is a more satisfactory explanation due to the simplicity of the phase transformations in fig. 2 and also agrees with quantitative RMC analysis. All phases have the same multi-vacancy cluster type (trivacancy) and the concentration x in each phase is the same. In conclusion, using neutron Laue diffraction and hard X-ray diffraction, we have observed square to stripe reordering of the sodium ions near room temperature. As a consequence the mobile carriers have to follow restricted paths in the Co planes with a topological change from 2D to 1D at the transition. This is expected to lead to changes in the topology of the Fermi surface, suggesting ARPES measurements to test this prediction. This 1D character of the conducting path offers an alternative direction in developing new materials with improved thermoelectric properties. The possibility of producing single domains using electric fields or by thin-film deposition should be investigated since the electrical conductivity will be higher along the stripes than for multidomain samples, increasing the figure of merit for thermoelectric applications. The idea to improve the figure of merit by reducing the dimensionality has been suggested a long time ago 22 . Here we find a self-organising system 
